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SUM M ARY
In southern Iowa where the Grundy silt loam is one of the 
principal upland soil types, less than 1 percent of the total 
acreage of cropped land is devoted to the production of alfalfa. 
This low acreage in alfalfa is due to the fact that the soils there 
are generally acid in reaction and are not suited to the produc­
tion of alfalfa until the acidity is corrected by liming. Further­
more, these acid soils are deficient in the alfalfa root-nodule bac­
teria which must be introduced into the soil after liming if the 
best results are to be obtained.
In this bulletin a report is given of experiments conducted on 
Grundy silt loam to determine the effects of lime and inocula­
tion, each alone and in combination with manure and super­
phosphate, on the yield and quality of alfalfa produced. Quar­
ry-run limestone was applied to different plots in varying 
amounts; on other plots limestone of different degrees of fine­
ness, and hydrated lime, were applied. Inoculated seed was 
used on one-half of each plot, and seed without inoculation was 
seeded on the other half.
On the plots without lime or inoculation and also on the plots 
with either of these treatments alone, no alfalfa was produced. 
On the plots treated with limestone and seeded with inoculated 
seed, alfalfa was produced; the stand, and hence the yield of 
hay, being determined by the kind and amount of lime applied, 
and to some extent by the manure and phosphate treatments.
Applications of quarry-run limestone in amounts up to 3 tons 
per acre, the lime requirement of the soil, greatly increased the 
total yield of dry matter produced. Larger amounts of lime­
stone, 4, 5 and 6 tons per acre, produced a significant increase in 
the yield of dry matter, over that produced by the 3-ton treat­
ment, but there was no significant difference in the yields pro­
duced by the 4, 5 and 6-ton applications.
Applications of manure to the soil in addition to the various 
lime treatments, increased the yield significantly, but the appli­
cation of superphosphate in addition to the manure and lime did 
not increase the yield significantly on all the plots.
Finely screened limestone increased the yield significantly 
over the quarry-run and hydrated lime when the treatments 
were made at the same rate. There was no significant differ­
ence in the effect of the different grades of screened limestone, 
however.
The percentage of nitrogen in the crop was increased ma­
terially by the inoculation treatment, the largest increases oc-
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curring on the plots where sufficient limestone had been applied 
to correct the acidity of the soil. The greater crop yield and 
higher nitrogen percentage combined to increase the total 
amount of protein produced per acre in the crop as a result of 
inoculation and liming.
The petcentage of calcium in the crop was materially in­
creased by the two treatments, and especially by the lime. There 
was a direct relation of the percentage content of calcium in the 
crop to the amount of limestone applied per acre, and to the de­
gree of fineness of the limestone.
While the increase in yield of alfalfa due to the lime and in­
oculation treatments is the most important effect, the improve­
ment in quality is not to be overlooked, for this is an especially 
significant item from the standpoint of the value of the crop.
4
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Effects o f  Inocu lation  and Lim ing on  
A lfalfa G row n on  the G rundy 
Silt L oa m 1
B y  R . H . W a l k e r  an d  P . E. B row n
The value of alfalfa as a feed crop has been recognized for 
many years. It may also be of considerable value as a soil build­
ing crop when properly managed. Less than 500,000 acres of 
land in Iowa, however, are producing alfalfa, and this is about 
1.5 percent of the total acreage o f cropped land. In southern 
Iowa, where.the Grundy silt loam is one of the chief upland soil 
types, the percentage of land in alfalfa is even smaller than for 
the state as a whole. In this section less than 38,000 acres are 
in alfalfa, which is 0.83 percent of the total acreage of cropped 
land. Figure 2 shows the location of the Grundy silt loam in 
the state and also the acreage of alfalfa in each county where 
this soil type occurs.
Why is there such a small acreage of alfalfa? Is it because 
alfalfa cannot be produced successfully on Iowa soils, or is it 
due to the lack of proper methods of soil treatment in preparing 
the land for the crop ?
Many farmers have tried to grow alfalfa but have failed. 
Sometimes on what is considered the most fertile soil—where 
large crops of corn and oats are produced—attempts to estab­
lish a stand of alfalfa have been unsuccessful. Farmers who 
have had such experiences naturally have become discouraged 
with the crop, and many have gone back to growing clover hnd 
other less desirable hay crops, concluding that alfalfa could not 
be grown on their land. Alfalfa is grown successfully, however, 
in all parts of the state and on all of the more important soil 
types.
. It has been definitely demonstrated that certain soil condi­
tions are essential to produce alfalfa successfully. It is practi­
cally impossible to secure a satisfactory stand of alfalfa on acid 
or sour soils. In such soils, the young seedlings grow poorly 
and are usually killed before they can become firmly estab- 
ki ^ e n , too, the root-nodule bacteria which are so desir- 
Wi ^°r n^0eutation of the young alfalfa seedlings are un­
able to survive in strongly acid soils and, hence, cannot aid the 
young plants in their development. To grow alfalfa on acid
1 Project 227 of the Iowa Agricultural Experiment Station.
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soils, therefore, it is necessary to apply enough lime to neutral­
ize the acidity. The root-nodule bacteria also must he intro­
duced into acid soils after liming. This is usually done by in­
oculating the seed at planting time.
The soils of southern Iowa, especially the Grundy silt loam, 
are acid and usually do not contain the alfalfa root-nodule bac­
teria, for these organisms cannot survive in acid soils, and inocu­
lation is necessary.
The experiments reported in this bulletin were conducted to 
determine what soil treatments are necessary or best suited for 
the successful growth of alfalfa on the Grundy silt loam. In 
the tests, alfalfa was seeded on plots which received various 
treatments of inoculation, lime, manure and phosphate, made 
Singly and in various combinations. The results of the experi­
ments show that both lime and inoculation are needed for the 
growth of alfalfa on Grundy silt loam and indicate that these 
treatments may be of value on other acid soils in the state.
THE EXPERIM ENTAL FIELD
The Grundy silt loam, which is of loessial origin, occurs in 
large areas on the more gently rolling to level uplands in the 
Southern Iowa Loess soil area. On some of the flatter areas 
the drainage may be rather poor. The installation of tile is nec­
essary in such locations, especially when alfalfa is to be groWn, 
Where the land is gently undulating, however, the drainage is 
generally good and the soil is more suitable for the growth of 
alfalfa.
The Grundy silt loam ordinarily shows a lime requirement of
Fig. 1. A fiield of well inoculated alfalfa grown on limed soil.
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about 3 toils "of limestone per acre to correct the acidity. The 
soil is also generally poorly supplied with phosphorus, and ad­
ditions of phosphate fertilizers are necessary to obtain more 
satisfactory crop yields. In general, however, the type is fairly 
productive when properly managed, and it is considered a val­
uable soil type.
The surface soil of the Grundy silt loam is a dark grayish- 
brown to almost black, rather heavy silt loam, usually extend­
ing to a depth of 10 inches. The subsurface is lighter in color 
and generally-somewhat finer in texture^ The subsoil is a com­
pact, heavy, plastic and impervious silty clay to clay, mottled 
with drab, yellow, yellowish-brown and brown.
A field of typical Grundy silt loam 1 mile north of Osceola in 
Clarke County was selected for the experiment. The soil had a 
lime requirement of 3 to dX/2 tons of limestone per acre by the 
Iowa method. Alfalfa had never been grown on the land pre­
viously, and there was apparently no alfalfa root-nodule bac­
teria in the soil. The land, however, was comparatively produc­
tive, the corn and small grain yields of previous years being 
slightly above the average for the area.
Corn was grown on the land in 1928. In the spring of 1929,' 
12 plots 2 3 3 1 4 .feet long and 28 feet wide were staked out and 
limestone and hydrated lime treatments were made as follow s: 
Plot 10— check, no lime ,. _ ..
Plot 20— quarry-run limestone, 1 tön per acre 
Plot 30—-quarry-run limestone, 2 tons per acre 
Plot 40— quafry-run limestone, 3 tons per acre 
Plot 50— quarry:run limestone, 4 tons per acre 
Plot 60— quarry-run limestone, 5 tons per acre 
Plot 70—quarry-run limestone, 6 tons per acre 
Plot 80— check, no lime
Plot 90—screened limestone, 20-mesh, 3 tons per acre
Plot 100— screened limestone, 40-mesh, 3 tons per acre
Plot 110— screened limestone, 100-mesh, 3 tons per acre
Plot 120—hydrated lime, equivalent to 3 tons of quarry-run limestone
The quarry-run limestone was obtained from the A. D. Busick 
quarry which is located about 5 miles northwest of Osceola. The 
chemicaranalysis of this material showed that in purity, it was 
equivalent ,to 84 percent calcium carbonate. The results of the
sieve test were as follows: •
Larger than 10-mesh_2?.3 percent
Between 20 and 40-mesh___T__-------------------- 33.7 percent
Between 40 and 100-mesh_________________ 11.6 percent
Smaller than 100-mesh_.------------ ---------------- 32.3 percent
The limestones of different degrees of fineness were obtained 
by sieving the quarry-run limestone. The 20-mesh limestone 
is that material which passed through the 20-mesh sieVe but 
which was held on the 40-mesh sieve. The 40-mesh limestone 
is that Which passed through the 40-mesh sieve, but was held on 
the 100-mesh sieve. The 100-mesh limestone is all of the ma­
terial that passed through the 100-mesh sieve. All applications
7
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of the finer grades of limestone were made at the rate of 3 tons
per acre. ,
The hydrated lime which was obtained from the local lumber 
dealer was o f the same quality as that used for building pur­
poses. It was applied in an amount which would be equivalent 
to 3 tons of limestone on the basis of its calcium oxide content.
Each plot was divided into thirds as is shown in thé diagram 
in fig. 3. The west one-third of each plot received no treatment 
other than the limestone or hydrated lime. To the east two- 
thirds, manure was applied at the rate of 8 tons per acre. This 
application was made about 1 month before the land was 
plowed. The extreme east one-third of each plot received an 
application of superphosphate at the time the lime treatments 
were made. Twenty percent superphosphate was employed at 
the rate of 150 pounds per acre. After the lime and super­
phosphate treatments were made, the land was double-disced.
Soybeans were grown on the plots in the summer of 1.929, and 
the effects of the lime and inoculation treatments on the yield 
and quality of the crop were determined.2
After the soybean crop was harvested in the fall, the land was 
disced, and winter wheat was planted. The following spring, 
1930, Grimm alfalfa seed of choice quality was seeded with * 
grain drill at the rate of 15 pounds per acre. Part of the alfalfa 
seed was inoculated and part not inoculated. The inoculated 
seed was used on half of each of the three sections of the series
* Walker R. H., and Brown, P. E. Effects of inoculation and liming on soybeans 
grown on the Grundy silt loam. Iowa Agr. Exp. Sta., Bui. 298, 1988.
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of plots and the uninoculated seed on the other half (see fig. 3). 
The inoculum used for the inoculation was prepared in the Soil 
Bacteriological Laboratory at Iowa State College, and was very 
similar to many of the commercial inoculants.
rN
N O T E :  A L L . P LO TS  A C E  Z 8  F T .  W ID E
A L L  B O R D E R S  B E T W E E N  P L O T S  7 F T .  W ID E
Fig. 3. Diagram of experimental field showing the various soil treatments on each plot.
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THE STAND OF ALFALFA AS AFFECTED BY INOCULA­
TION AND LIM E
The summer of 1930 was unusually dry. After the wheat, 
which was grown as a nurse crop, was cut and removed from 
the plots, an examination of the field indicated that the alfalfa 
had failed to make a start on many of- the plots. Only in a few 
cases was there a satisfactory stand. There seemed to be a few 
more plants on the plots receiving the larger amounts of lime­
stone than on those with the smaller additions of limestone or on 
the unlimed plots. Furthermore, only a few sickly looking 
plants were found on the sections where the uninoculated seed 
was used.
Early in the following spring (1931) the weeds along the rail­
road right-of-way, which adjoined the experimental field on the 
west, were burned off and the fire swept across the plots and 
burned all of the dry weeds and stubble, leaving all of the plots 
practically bare except for the small alfalfa crowns and weed 
stumps. As soon as the weather conditions became favorable, 
the young alfalfa plants which had established themselves the 
previous season, began to grow and soon a fine growth appeared 
on many of the plots. At this time the field presented a very 
striking appearance. Some of the plots stood out distinctly, 
with a vigorously growing stand of alfalfa. Others showed only 
a scattered stand, and on still others the ground was absolutely 
bare. The weeds had not yet started to grow, and where there 
was no alfalfa, the land was as bare as though it had been fresh­
ly plowed. This is shown in fig. 4.
Fig. 4. The plot at the left o f the border stip received 6 tons o f quarry-run lime­
stone per acre, and the plot at the right did not receive any lime. Seed was sown with­
out inoculation in the foreground and with inoculation in the background of each plot.
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The significant fact noted here was that on the plots where 
limestone had not been applied, and uninoculated seed had been 
used, there were no alfalfa plants. Not any had been able to 
withstand the strong acidity of the soil and establish themselves 
during the first season. Where inoculated seed was used on the 
plot without limestone, there were a few plants, but the stand 
was very poor. On the plots were the smaller amounts of lime­
stone had been applied but where there was an insufficient 
amount used to correct the acidity, there were a few scattered 
alfalfa plants on the section of the plot where inoculated seed 
had been used; but where uninoculated seed had been used, the 
land was as bare as on the plot which received no limestone.
Where the larger applications of limestone were made, there 
was a much better stand of alfalfa on the portions of the plots 
seeded with inoculated seed; but even on these plots which 
were well supplied with limestone, there were no alfalfa plants 
oh the areas1 seeded with uninoculated seed. The plots treated 
with the finer limestones, likewise had good stands of alfalfa on 
the portions on which inoculated seed was used, but on the other 
portions where the uninoculated seed was used, there were no 
alfalfa plants and the soil was as bare as that on the plots which 
had not been limed.
In general, it may be said that practically no alfalfa plants 
grew on any of the plots where no limestone had been applied 
or where uninoculated seed had been used. Inoculation alone 
did not permit the alfalfa plants to establish themselves on soil 
which had not been limed; but on the limed areas when inocu­
lated seed was used, the alfalfa plants were well established, a 
better stand being obtained with the finer limestones and the 
larger amounts of the quarry-run limestone. On the other hand, 
there was no alfalfa on any of the plots where uninoculated seed 
was used whether or not limestone had been applied. Even on 
the plots receiving the largest amounts of limestone, there was 
no alfalfa on the plots where uninoculated seed was used. These 
results are shown in figs. 4 and 5.
These results show definitely that both lime and inoculation 
were necessary to obtain a stand of alfalfa on this soil, and that 
the larger applications of limestone which more nearly neutral­
ized the acidity of the soil had the greatest beneficial effect.
THE YIELD OF ALFALFA AS AFFECTED BY  
INOCULATION AND LIM E
As would be expected the lime and inoculation treatments 
not only improved the stand of alfalfa but also increased the 
yield. On the plots which did not receive the two treatments 
in combination and where the alfalfa was unable to establish 
itself, there was, of course, no alfalfa to harvest. This is illus-
11
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Fig. 5. This plot received manure, phosphate fertilizer and quarry-run_ limestone at 
the rate of 5 tons per acre. At the left seed was sown without inoculation, while at 
the right seed was sown with inoculation.
trated in fig. 5, which shows the field just before the first crop 
of alfalfa was harvested.
Some weeds had started and had made considerable growth 
when the alfalfa was cut, as appears in the picture. On the 
plots where the stand of alfalfa was somewhat scant as a result 
of an insufficient addition of limestone, there were some weeds, 
the number having roughly an inverse relation to the stand of 
alfalfa. On these plots the hay was of poor quality. On the 
plots with good stands of alfalfa there were practically no 
weeds and all the hay harvested was alfalfa.
In harvesting, all plant growth on the plots, including the 
weeds, was cut. When the hay was dried sufficiently for 
placing in the mow or stack, it was weighed and the results were 
recorded as representing the yield of field-cured hay. A repre­
sentative sample was taken from the dry hay of each plot. 
These samples were later oven-dried and used for chemical an­
alysis. The amount of dry matter produced by the crop on each 
plot was then calculated.
The yields of hay, expressed in terms of the total weight of 
dry matter produced per acre on the various plots, are recorded 
in the following tables. These tables do not include the yields 
on the plots seeded without inoculation for the entire growth 
on these plots consisted of weeds. The yields for the first and 
second cuttings in 1931 are shown in tables I and II, respec­
tively. The yields for the first, second and third cuttings in 
1932 are shown in tables III, IV, and V, respectively. The aver­
age yield of the three sections (1-lime alone, 2-lime +  manure,
12
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TABLE I, YIELD OF DRY MATTER ON PLOTS TREATED WITH LIME, MANURE 
AND PHOSPHATE IN VARIOUS COMBINATIONS AND SEEDED WITH 
INOCULATED ALFALFA. FIRST CUTTING— 1931.
Plot
No.
Soil treatment
Lime
alone
Lime +  
manure
Lime +  
manure 
+phosphate
pounds per acre
10- No Lime 620 1008 44020 1 ton quarry-run limestone 1060 1632 97230 2 tons quarry-run limestone 1684 2164 237640 3 tons quarry-run limestone 1812 2140 278850 * 4 tons quarry-run limestone 1832 3036 296060 5 tons quarry-run limestone 2376 3112 282870 6 tons quarry-run limestone 3372 3356 206880 No lime 604 668 36890 3 tons 20-mesh limestone 2960 2648 3012100 3 tons 40-mesh limestone 3300 2376 3288110 3 tons 100-mesh limestone 2816 2768 3876120 3 tons equivalent of hydrated lime 2604 2228 3260
3-lim,e -f- manure and superphosphate) of each plot for each cut­
ting of hay is shown graphically in figs. 6, 7, 8, 11, 12 and 15.
DISCUSSION OF RESULTS
Inasmuch as the crop produced from the various plots was 
the result of the one seeding of alfalfa, it is natural to expect
c \c 20 4-0 io o  3 Tons
(M e s h  per inch) per acre 
(T o n s  p e r a c r e ) (3  Tons p e r a cre ) equivalent
ent Effete of different amounts of quarry-run limestone, of limestone o f differ-
loanTeBi,®esiof fineness and of hydrated lime on the yield of dry matter on Grundy silt <oam. first cutting, 1931.
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#
3.0
m
» 2-5<L«a
-g 2.0
1.0
>
QJ 0.5 o
o
CK> 1 2 3 - 4 - 5 6  CK. 20 -40 IOO 3 Ions
(Mesh per inch) per acre
(Tons per acre) (3  Tons per acre) equivalent
Fig. 7. Effects of different amounts of quarry-run limestone, of limestqne of differ­
ent degrees of fineness and of hydrated lime on the yield of dry matter oh Grundy silt 
loam. Second cutting, 1931.
that the various treatments would affect the yields in the same 
way at each cutting. As a whole this was found to be true, but 
there were some exceptions to this general rule. The yield on 
some plots in relation to that on others varied at certain cut­
tings. A brief statement, as to the conditions affecting these 
plots may serve, therefore, to explain,some of these variations.
In the first place, on the plots with poor stands of alfalfa, due 
to the application of insufficient amounts of lime, there was
TABLE II. YIELD OF DRY MATTER ON PLOTS TREATED WITH LIME, MANURE 
AND PHOSPHATE IN VARIOUS COMBINATIONS AND ¿SEEDED WITH 
INOCULATED ALFALFA. SECOND CUTTINGr-1931.
Plot
No.
Soil treatment
Lime ' 
filone
Lime +
manure
Lime-|-
manure
-(-phosphate
pounds per acre -
10. No lime „■. 1068 1416 70620 1 ton quarry-run limestone 1740 ; 1946 116930 2 tons quarry-run limestone 1976 : 2187 182540 3 tons quarry-run limestone 2009 2184 264350 4 tons quarry-run limestone 2140 - 2512- ' 248060 5 tons quarry-run limestone 2189 2728 \ 238070 6 tons quarry-run limestone 2730 2642 247080 No lime 1295 1462 155290 3 tons 20-me h limestone 2465 2297 2110100 3 tons 40-mesh limestone 2461 2038 2144110 3 tons 100-mesh limestone 2218 2207 2227. 1 2 0 3 tons equivalent of hydrated lime 1687 1646 2267
14
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some weed growth at the first cutting in 1931. Naturally this 
weed growth increased as the experiment continued, resulting 
in an increase in the amounts of dry matter produced at the 
later cuttings. Upon first observation of the data, one may gain 
the impression that the effect of the various treatments in in­
creasing the yield over that produced on the check plots de-
15
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creased as the experiment continued. But it should be kept in 
mind that this difference is due to the increased growth of weeds 
on the plots with poor stands of alfalfa.
In the second place, the relative yields o f hay produced on 
some of the plots varied somewhat from one season to. the next, 
largely as a result of the weather conditions in the late winter 
and spring of 1932. At that time there was considerable mois­
ture in the soil, and on the flatter or slightly depressed areas in 
the field, water covered the alfalfa crowns. As a result of the 
alternate freezing and thawing, much of the alfalfa was heaved 
out of the ground and frozen. This action affected materially 
the stand of alfalfa on certain areas in the experimental field. 
It was not confined to any particular plot nor to plots similarly 
treated, but occurred entirely on the flatter areas. The plot 
treated with 6 tons of quarry-run limestone was the most 
seriously affected. In the early part of the season, the stand on 
this plot seemed to be practically ruined, but later many o f the 
plants grew and produced hay. The relative yield on this plot 
was greatly reduced, however, over that secured the previous 
season. The stand was also affected to some extent on the ad­
joining plot, no. 60. On practically all of the other plots there 
was some loss of alfalfa as a result of heaving, but it was not so 
large.
The field observations as well as the data secured on weights 
of dry matter show rather definitely the beneficial effect of the 
quarry-run limestone on the production of alfalfa. Even where
Fig. 9. The effect of inoculation on the yield of alfalfa hay. Left, yield with in­
oculation and 6 tons of limestone. Right, yield with the lime alone.
16
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Fig. 10. The effect of limestone on the yield of alfalfa hay. 
»V?e‘ Center, yield with 3 tons of limestone. Right, yield with All were inoculated.
Left, yield without 
6 tons of limestone.
small amounts of the quarry-run material, less than the lime re­
quirement of the soil, which was 3 tons per acre, were applied, 
the beneficial effects were noticeable. The amounts of alfalfa 
produced on the plots treated with less than 3 tons of quarry- 
rhh limestone, however were not large enough to warrant its 
use in amounts less than that indicated as necessary by the lime 
requirement test.
On the plots treated with quarry-run limestone in amounts 
larger than the lime requirement of the soil, at rates of 4, 5 and 
o tons per acre, the yield was increased significantly over that 
on the plot treated with 3 tons. This is not surprising, however, 
tor lime requirement tests in the fall of 1931, after the first two 
crops of hay had been removed, showed that the soil treated 
with 3 tons of limestone still had a lime requirement of from 1 
to 1V2 tons of limestone. There was also some acidity remain­
ing in the soils treated with the larger amounts of limestone but 
the amount was smaller, the lime requirement being only about 
/2 ton of limestone per acre. This indicates that the acidity of 
the soils treated with limestone at rates higher than the original 
lime requirement was practically neutralized, while only about 
two-thirds of the acidity was neutralized in the soil treated 
with limestone in amounts equivalent to the lime requirement.
Chemical studies on the Grundy silt loam, and reported in'a 
previous publication3 have shown that this soil has an unusually
•+£ JbsorPtive Power for bases, and is also highly unsaturated 
with bases. Consequently large amounts of limestone must be 
applied to satisfy the need of this soil for bases. Conversely, 
once the base absorptive capacity of the soil is satisfied through 
the applications of limestone, the soil becomes strongly buffered
cal effectse<vf an<l Young, A. W. Some chemical and bacteriologi-
Agr j^p Sta Res S  H i"  19a32°Un ° f  ‘me °n certain southern Iowa soils. Iowa
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Fig. 11. Effects of different amounts of quarry-run limestone, of limestone o f dif­
ferent. degrees offineness and of hydrated lime on the, yield of dry matter on Grundy 
silt loam. First cutting, 1982.
against the development of an acid condition to the point where 
it would again be injurious to crops. In other words, while this 
soil actually required limestone in excess of the ¿mount indi­
cated by the original lime requirement test, the application of 
the larger amount of limestone served to satisfy to a larger ex-
TABIE III. YIELD OF DRY MATTER ON PLOTS TREATED WITH LIME, MANURE 
AND PHOSPHATE IN VARIOUS COMBINATIONS AND SEEDED WITH : 
INOCULATED ALFALFA. FIRST CUTTING— 1932.
Plot
No.
.Soil treatment
Lime •
, alone, ; ■
Lime +  • 
manure.
Lhae +
; manure 
. rfpjiosphate
pounds per acre .• r, :: 1,.
10 No lime 472 1395 - 365
20, 1 ton quarry-run limestone 1600 . 2362. 1465
30 2 tons quarry-run limestone 1924 2294 2421
40 3 tons quarry-run limestone 2200 2720 2880
50 4 tons quarry-run limestone 2600 i 2710 3100
60 5 tons quarry-run limestone 2650, 3390 2421
70 6 tons quarry-run limestone 2581 2922 . 1555
80 No lime 1600 1761 ■ „ V* •" 414
90 3 tons 20-mesh limestone 2962 2870 2918
100 3 tons 40-mesh limestone 3285 3125 2970
110 3 tons 100-mesh limestone , " . .3405., :. 3642 . , 3055
120 3 tons equivalent of hydrated lime ' 3140 3075 2920
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TABLE .IV. YIELD. OF DRY MATTER ON PLOTS TREATED WITH LIME, MANURE 
AND PHOSPHATE |N VARIOUS COMBINATIONS AND SEEDED WITH 
. INOCULATED ALFALFA. SECOND CUTTING— 1932.
Plot
Not;
Soil treatment
Lime
alone
Lime-f
manure
Lime+
manure
-(-phosphate
Irounds per sere
10 No lime 528 1229 469
20. 1 toil quarry-run limestone 1164 1588 936
30 2 tons quarry-run limestone 1462 1239 1632
40. 3 toils quarry-run limestone 1733 2035 2088
50 i 4 tons quarry-run, limestone 1726 2285 2346
60 5 tons quarry-run limestone 1986 2508 2035
70. 6 tons quarry-ruri limestone 2127 2433 1702
80. . No lime ' 1188 1510 526
90 3 tons 20-mesh limestone 2137 1996 2006
100 3 tons 40-mesh limestone 2204 2354 2808
110 . 3 tons 100-mesh'limestone : 2509 i 2205 2016
120 3 tons equivalent, of hydrated lime i 2264 2030 2013
tent the needs of the soil for bases, thus fortifying it against an 
early development of an acid condition in the future.
There was a significant increase in yield induced by the ap­
plication of 4, 5 and 6 tons o f limestone above that secured on the 
plots treated with 3 tons. The differences between the yields on 
the plots treated with 4, 5 and 6 tons, however, were not signifi­
cant/ Plot 50, treated with limestone at the rate of 4 tons per 
acre, .yielded practically as high as the plots treated with either 
5 or .6 tons;
On the plots treated with manure and manure plus phosphate 
in addition to the limestone, the increase in yield induced by
(Tons per o c ra )
CK. 20 4-0 loo
(M esh .per inch)
( 3 Tons per acre.)
3, Tòri A ' 
per; acre 
equivalerli
Fig. 12. . Effects of different amounts of quarry-run limestone, o f limestone ofdif*- 
ferent degrees of fineness and of hydrated lime on the yield o f dry matter oft Gruhdy 
nit loam. Second ¿utti'ng, 1932.: ■ ' “  - ; • •'v • - A /v  t- r'- •:;• v /  fv iffa
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TABLE V. YIELD OF DRY MATTER ON PLOTS TREATED WITH LIME, MANURE 
AND PHOSPHATE IN VARIOUS COMBINATIONS AND SEEDED WITH 
INOCULATED ALFALFA. THIRD CUTTING— 1932.
Plot
No.
Soil treatment
Lime
alone
Lime +  
manure
Lime-t-
manure
-fpbosphate
pounds per acre
10 No lime 1614 2414 153520 1 ton quarry-run limestone 3010 2559 195830 2 tons quarry-run limestone 2076 2594 251840 3 tons quarry-run limestone 2419 2732 2480
50 4 tons quarry-run limestone 2692 2770 270660 5 tons quarry-run limestone 2545 2449 307470 6 tons quarry-run limestone 2441 2788 252980 No lime 2055 2168 135190 3 tons 20-mesh limestone 2294 2742 2377100 3 tons 40-mesh limestone 2639 2459 2586110 3 tons 100-mesh limestone 2500 2570 2382
120 3 tons equivalent of hydratéd lime 2458 2357 2337
the larger amounts of limestone over the yield on the plot 
treated with 3 tons was not so large as on the plots withoqt the 
manure and phosphate. This was due, presumably, to the fact 
that on the plot treated with 3 tons of limestone the acidity was 
not all corrected. Under such conditions the action of the micro­
organisms of the soil in liberating plant foods in the available 
form is not so great as in a basic soil where there is no acidity. 
Consequently, the application of manure, which contained avail­
able phosphorus, undoubtedly stimulated the growth of the al­
falfa more than it did in the soils where the acidity had been 
more nearly neutralized by the larger amounts of limestone. 
Furthermore, the manure undoubtedly served as a buffer against 
the acidity in the soil where the smaller amounts of limestone 
were applied, thus permitting better growth of the alfalfa than 
where the manure was not applied. Where larger amounts of 
limestone were applied, and there was practically no acidity re­
maining in the soil, the limestone acted as the principal buffer­
ing agent, thus partially obviating the beneficial effects secured 
from the manure on the other plots.
Considering all the plots as a whole, and the 5 cuttings of 
hay, the applications of manure in addition to the limestone in­
creased thé yields significantly over those secured where no ma­
nure was applied. The application of superphosphate in addi­
tion to the manure, however, did not increase the yields signifi­
cantly. This does not necessarily indicate that alfalfa is not 
benefited by applications of a phosphate fertilizer on iGrrundy 
silt loam. Had the phosphate fertilizer been applied just prior 
to the seeding of the alfalfa instead of a year earlier, and at 
double the rate used, as is ordinarily recommended for alfalfa, 
beneficial effects might have been secured from its use. Under 
the conditions prevailing, a large portion of the phosphate ap­
plied was undoubtedly either used by the previous crop grown,
20
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Fig. 14. The type of growth the second year on the plot treated with 3 tons of 
limestone and inoculation.
Fig. 13. The type of growth the second year on the plot without lime and inocu­
lation.
or fixed in the soil in an unavailable form. It is recognized 
that there is an appreciable residual effect from an application 
of superphosphate, but it is obvious that the residual effect 
would not be nearly so large as the original effect.
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Upon analyzing the yield on the plot treated with the quarry- 
run limestone at the rate of 3 tons per acre, as compared with 
those on the plots treated with screened limestones and hydrated 
lime in equivalent amounts, it was found that the results were 
somewhat different at different cuttings, but on the whole for the 
5 cuttings, the screened limestone, 20, 40, and 100-mesh, pro­
duced significantly higher yields than either the quarry-run 
limestone or the hydrated lime. There was, however, no signifi­
cant difference in the yields produced by the different grades of 
screened limestone. The various kinds of lime gave somewhat 
different results when used alone and when used with the ma­
nure, but practically the same results when used with the ma­
nure and superphosphate in combination.
A general summary of the, effects of inoculation and lime­
stone, each alone and in combination with manure and phos­
phate treatments, on the yield of dry matter is shown graphi­
cally in fig. 16. The data employed , in making this chart 
were taken from a check plot which did not receive limestone, 
and from the plot treated with the quarry-run limestone in an 
amount equal to the lime requirement of the soil as indicated by 
the test. The results represent the average yield of dry mat­
ter produced per cutting for the first and second cuttings in 
4931 and 1932.
These data indicate, in a general way, the type o f results se­
cured from the various treatments on the Grundy silt loam. The
5  ' ’ & CtC Z O  A O  IO O  3 T o n s
■> (Mesh per inch) per acre
. . !( jo ris  per acre) (3  Tons per acre) equivalent
Fig. 15. Effects of different amounts of quarry-run limestone, of limestone, of dif­
ferent degrees of fineness and of hydrated lime on the yield of dry matter on GrunO 
silt loam. Third cutting, 1932.
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yield of dry matter 
on the check plot was 
comparatively l o w ,  
and the quality of the 
material was v e r y  
poor. The yield and 
quality of the mate­
rial produced were 
significantly affected 
on the plots receiving 
either the limestone 
or inoculation treat­
ments alone. Where 
these ,two treatments 
were made in combi- 
n a t i o n ,  however, 
there was a highly 
significant increase in 
both yield and quali­
ty of the hay pro­
duced. In fact, prac­
tically the entire crop 
on this plot consisted 
of good quality alfal­
fa, while that on the
CkL L I
Fig. 16. Effects o f inoculation, lime, manure and — i       —.— ~ ~ BBB
superphosphate alone and in combination on the yield f h r P P  rlic
of dry matter on Grundy silt loam. The results rep- L m e e  p r e v i o u s l y  CllS- 
resent the average yield of dry matter produced per CUSSed p l o t s  W U S  
1932 8 f° r the firSt and second cuttings in 1931 and
Legend : Ch—Check, no treatment 
L —Quarry-run limestone, 3 tons per 
acre
I —Seed inoculated before planting 
M —Manure applied at the rate of 
8 tons per acre
P —Superphosphate, 120 pounds per 
acre
p r a c t i c a l l y  all 
weeds. The further 
addition of manure 
and superphosphate 
to the soil increased 
t h e  yield slightly, 
„  ■ . . but, of course, did not
affect appreciably the character of the material produced.
These results emphasize definitely the need for the applica­
tion of limestone to the soil and inoculation of either the seed or 
the soil for the successful production of alfalfa on this type of 
* • The results also indicate that further increases in crop 
yield may be secured by the application to the soil of ma­
nure and superphosphate, depending somewhat upon the char­
acter of the soil in the particular field to be sown to alfalfa.
THE CHEMICAL COMPOSITION OF THE CROP AS AF­
FECTED B Y  INOCULATION AND LIM E
, n^ ^ rder to determine the effects of the various treatments on 
the chemical composition of the crop produced, samples of the
23
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hay harvested from each plot were taken to the laboratory for 
analysis. In all cases these were analyzed for total nitrogen, 
and samples of the first crop harvested in 1931 were analyzed 
for total calcium. The results o f all of the analyses will not 
be given but only those obtained from the 1931 first crop of hay 
from representative plots. These results are shown in table VI.
TABLE VI. THE CHEMICAL COMPOSITION OF THE ALFALFA CROP AS AFFECT­
ED BY INOCULATION AND LIME.
Soil Treatment Percentnitrogen
Pounds 
protein 
per acre
Percent
calcium
Pounds 
calcium 
per acre
No lime, no inoculation 1.56 9 ________ —
No lime, inoculation 2.24 87 1.88 11.6
1 ton limestone, inoculation . 2.50 166 1.98 20.9
3 tons limestone, inoculation 2.73 310 2.26 40.9
6 tons limestone, inoculation 2.74 578 3.18 107,2
3 tons 100-mesh limestone, inoc. 2.67 470 2.33 - 65.6
Hydrated lime, inoculation 2.10 342 1.64 42.7
THE NITROGEN CONTENT
The data given in the table show definitely the inferiority 
from the standpoint of the protein content of the crop produced 
on the plot without lime and inoculation when compared with 
that produced on plots where thesë''two' treatments were made. 
The percentage of nitrogen in the weeds produced on the plot 
without lime and inoculation was much less than it was in the 
alfalfa produced on the limed plots on which inoculated seed 
was used. The data also show an increase in percentage of 
nitrogen in the crop produced as the amount of limestone ap­
plied increased. This indicates that the bacteria in the root- 
nodules were more effective in supplying nitrogen to the grow­
ing plant where sufficient limestone had been applied to correct 
the acidity of the soil. •
Not only was the percentage of nitrogen in the plant increased 
by liming but the total amount of protein in the crop produced 
per acre was also much greater. The effectiveness of the no­
dule bacteria in the limed soils is certainly striking.
If the protein content of alfalfa hay is a measure of its quali­
ty and value as a feed for livestock, then certainly the inocula­
tion and lime treatments are of considerable importance in im­
proving the quality of the hay produced on Grundy silt loam 
and undoubtedly also on other acid soils of the state.
THE CALCIUM CONTENT
While the inoculation treatment was more effective than the 
lime treatments in increasing the nitrogen content, the lime 
treatments were more effective than the inoculation in increas-
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ing the calcium content. The crop grown without lime con­
tained 1.88 percent calcium and 11.6 pounds of calcium per acre. 
One ton of limestone per acre increased the percentage and the 
total amount to 20.9 pounds of calcium per acre. The larger 
applications of limestone gave corresponding increases in the 
percentage of calcium and also in the total amount of calcium 
in the hay. The 100-mesh limestone was somewhat more effec­
tive in this respect than the same amount of the coarser quarry- 
run limestone, and materially more effective than an equivalent 
amount of the hydrated lime.
The importance of calcium in the diet of farm animals has 
been given much emphasis during the past 20 years. Over 90 
percent of the ash of the bones of farm animals is calcium and 
phosphorus, and a lack of calcium in the diet is harmful. Hay 
with a high percentage content of calcium is to be preferred 
and should actually be worth more per ton than that produced 
on soil deficient in lime.
The value of the inoculation and lime treatments is shown 
not only in the total amount of hay produced per acre but also 
m the quality, as represented by the kind of hay produced, and 
its protein and calcium content. The value of these treatments 
is usually determined solely by the amount of hay produced, the 
increase of which is sufficient to warrant the application of 
limestone to add soils and also the inoculation of the seed; but 
the benefits derived from these treatments cannot be measured 
only by the increase in amount of hay produced. The increase 
m the quality of the crop, its palatability, protein and calcium 
content, may be of equal significance.
GENERAL RECOMMENDATIONS FOR LIM ING  
AND INOCULATION FOR ALFALFA
Tim following general recommendations are made to aid any­
one wishing to grow alfalfa on the Grundy silt loam or on any 
other soils which are acid in reaction and deficient in the proper 
root-nodule bacteria.
LIM ING
Acid soils should always be limed before seeding alfalfa. This 
crop is one of the most sensitive of our commonly grown field 
crops to acidity. It will not grow well and often not at all on 
acid soils.
. The amount of acidity in soils varies widely in different sec­
tions of the state and in various soil types. But even soils of the 
same type in different fields may show considerable variation in 
lime needs, depending upon the treatments of the soil which 
have been practiced in the particular area and especially the ad­
ditions of organic matter which have been made in the form of
25
Walker and Brown: Effects of inoculation and liming on alfalfa grown on the Grundy
Published by Iowa State University Digital Repository, 1933
66
farm manure, green manures and other materials. The only 
way to determine the need for lime on soils and the amount to 
apply is to have the soils of every field tested.
Testing Soils for Acidity
Farmers may test their own soils for acidity or lime needs, 
but it will be much more satisfactory if they will send samples 
to the Soils Subsection of the Iowa Agricultural Experiment 
Station where they will be tested free of charge and recom­
mendations made regarding treatment. Considerable care is 
necessary in taking soil samples which are to be tested for acidi­
ty. Samples of approximately 1 pint should be taken separate­
ly from the highest points on the hills and knolls, from the side 
hills and from the level areas. The higher points in a field will 
often require limestone, while low, flat areas in the same field 
may not need lime. In order to obtain a representative sample 
for the field, each sample to be tested should be prepared by 
mixing together a number of samples taken in the same area to 
a depth of 4 or 5 inches.
The Amount of Limestone to Apply
The results of the acidity test will indicate the amount of 
limestone which should be applied for the best growth of alfalfa. 
The use of smaller amounts of limestone than indicated as neces­
sary by the test is not recommended. Thus, the practice of 
drilling 300 pounds of very finely divided limestone with the 
seed at planting time has not been tested sufficiently to war­
rant its recommendation. This practice may prove successful for 
certain crops on some types of soil, but it will certainly not be 
desirable for alfalfa on Grundy silt loam or other strongly acid 
soils.
The Kind of Lime to Use
Various forms of lime may be used to correct soil acidity, but 
in most cases ground limestone is the most economical material. 
Burned lime, slaked lime., or waste lime from different sources 
may be used, if desired, but limestone will give just as large ef­
fects and usually at a lower cost.
The limestone used should be reasonably pure, preferably 
showing a content of 90 percent or more of pure calcium car­
bonate. It should also be ground so that all will pass through a 
10-mesh sieve and at least 60 percent will pass through a 40- 
mesh sieve. The finer the limestone applied, the more quickly 
it will correct the acidity of the soil.
High calcium and dolomitic limestones are of practically 
equal value, provided they are of the same purity and fineness 
and the material to be employed should be selected on these
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bases and according to the cost, and not on the basis of high 
calcium or high magnesium content.
The Proper Time to Apply Limestone
The soil should be limed at least 6 months before alfalfa is 
sown in order to give the best results. It is preferable to apply 
limestone in the fall or early winter if the alfalfa is to be seeded 
the following spring. The limestone should be spread after 
plowing if the land is to be plowed and thoroughly mixed with 
the soil by discing. It should never be plowed under but always 
applied to the surface.
Satisfactory results have been secured by spreading limestone 
with the two-wheel broadcast type, or with the endgate type of 
spreader.
INOCULATION
The root-nodule bacteria of alfalfa are very sensitive to acid 
conditions and will not grow in soils as acid as the Grundy silt 
loam, i Consequently, it is essential that they be introduced into 
the soil after the acidity is corrected by liming, if alfalfa is to 
be grown. The introduction of the bacteria into the soil is 
known as soil inoculation.
Inoculation for alfalfa may be accomplished by two general 
methods: By the transfer of soil from a field where alfalfa or 
sweet clover has previously been grown successfully with an 
abundance of nodules on the roots, or by the use of commercial 
cultures of the alfalfa root-nodule bacteria.
The Soil Transfer Method
%  The soil transfer method was the first to be employed for the 
inoculation of soil for alfalfa and other legumes, and its value 
has been demonstrated in many experiments and in extensive 
iarm practice. The method consists of spreading 300 to 500 
pounds of inoculated soil over the field to be seeded and discing 
it m thoroughly before seeding.
Certain modifications of the soil transfer method have been 
proposed and used with success. The most important of these 
is the “ soil paste”  or “ muddy water”  method. Soil that is 
known to contain an abundance of the alfalfa root-nodule bac­
teria is mixed with sufficient water to form a paste with a con­
sistency similar to cream. This is then poured over the seed and 
mixed until some of the soil adheres to every seed. As soon as 
the seed dries sufficiently to pass through the seeder, it is 
Planted. A mixture of about 1 quart of water and 1 quart of 
soil is recommended for a bushel of seed. This method is much 
better than the old soil transfer method.
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The Commercial Culture Method
Soon after it was found necessary to inoculate for alfalfa, at­
tempts were made to prepare artificial cultures of the root- 
nodule bacteria to be used instead of soil for the inoculation. At 
that time little was known about growing these bacteria under 
artificial conditions. As a result many failures occurred in the 
use of the artificial cultures and farmers lost confidence in them. 
During the last 20 or 30 years, however, much has been learned 
of the growth requirements of these bacteria and many im­
provements have been made in the cultural methods. Many com­
mercial companies are now making very satisfactory cultures. 
Numerous experiments in recent years have shown definitely the 
value of artificial commercial cultures. In most cases they have 
given results equally as satisfactory as the soil transfer method 
of inoculation, and in many cases the artificial cultures have 
been superior.
Certain conditions favor the use of the commercial cultures 
for soil inoculation for alfalfa over the use of soil either by the 
soil transfer method or the “ soil paste”  treatment.
In the first place, there is considerable evidence to indicate 
that bacteria of greater physiological efficiency may be applied 
to the seed when the commercial culture method is used than 
when soil is used. The organisms in the soil used for inocula­
tion may be weak and inefficient in bringing about inoculation. 
Furthermore, it is not enough that nodules be formed; they 
must benefit the host plant, as shown by increased plant growth 
and a greater nitrogen content, and this requires very efficient 
forms.
Then, too, it is considerably more convenient and may be less 
expensive to inoculate soil with a commercial culture than with 
soil. The cost of transporting soil for an application of 300 to 
500 pounds per acre for any considerable acreage is almost pro­
hibitive, and it is also difficult, although not so expensive, to se­
cure well inoculated soil to use in the “ soil paste”  method.
Finally, with the use of commercial cultures, there is no dan­
ger of introducing noxious weed seeds, plant diseases, nor harm­
ful insects from one field to another, which may occur when soil 
is used either in the soil transfer method or in the soil paste 
method,
In general, the use of commercial cultures of the root-nodule 
bacteria is very satisfactory for the inoculation of alfalfa. In 
some cases, it may be desirable to use the soil transfer method, 
but if soil is to be employed, the soil paste method seems much 
preferable. In either case, precautions must be taken to secure 
soil well supplied with the proper bacteria, taking it from a 
field where alfalfa or sweet clover have recently been grown 
and well inoculated.
28
Bulletin, Vol. 26 [1933], No. 305, Art. 1
http://lib.dr.iastate.edu/bulletin/vol26/iss305/1
69
Several different commercial cultures for the inoculation of 
alfalfa are on the market, and the question is often asked which 
one should be used. No one culture can be considered superior 
to the others, and most of those now available have been tested 
and found to give satisfactory results. Occasionally there is 
placed on the market a new culture which is prepared entirely 
different from those that have been tested. Such cultures 
should not be used until they have been tested sufficiently 
to determine their true value. Only cultures which have been 
thoroughly tested and are known to give satisfactory results 
should be used. Definite information regarding the value of 
any commercial culture may be secured by inquiry of the Soils 
Subsection of the Iowa Agricultural Experiment Station at 
Ames.
When using artificial cultures, it should be emphasized that 
the directions which accompany the cultures should be followed, 
and the seed should always be planted as soon after inoculation 
as possible, preferably the same day.
Artificial cultures for the inoculation of alfalfa may be se­
cured from local seed dealers or directly from the producers.
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